The effects of education and working hours on health: A multivariate probit approach
Introduction
The individual's health perception is an important factor for the demand for medical services, and it is itself influenced by health behaviour patterns. The economic costs related to e. g. obesity, smoking and lack of exercise are immense. 1 The demand for medical care due to obesity is about 2-8% of overall health care budgets in Europe. Sander and Bergemann (2003) estimate the total costs of obesity to German society at € 2,709-5,682 million, including the direct costs of obesity and the indirect costs of four comorbidities: non-insulin-dependent diabetes mellitus, myocardial infarction, hypertension, and stroke. Therefore the total costs must even be greater if overweight is also taken into account. To work against this development of health care expenditures, it is necessary to start a process of rethinking in order to achieve changes in attitudes towards health. Health policy generally tries to implement personal responsibility through financial incentives, for example using demand side cost-sharing rules.
For these to be effective, knowledge about the determinants of health related behaviour is essential. It must be assured that a lack of patients' responsibility can be separated from missing abilities to handle the own health capital stock.
In the theoretical literature about health production, health can be viewed as part of the human capital stock. This argumentation follows the idea that a good health status increases humans' productivity which is necessary to produce goods and services. The health capital stock can be enlarged by investments like consumption of curative medical services, while it is on the other hand subject to depreciation (cf. Zweifel and Breyer (1997) ). This depreciation rate depends on age as well as on adverse health behaviours. Like Grossman (1970) , we assume that health production depends on the individual's education level. Furthermore, the labour force status and income play a central role for the possibility to act in a healthful manner. Therefore, a reformulation of Grossman's health production function seems appropriate in the way that more input factors are considered. For the subsequent analysis, producing health is viewed as a multi-level process in order to distinguish between health behavioural aspects, outcome and the assessment of health.
The paper is organized as follows: In the next chapter, the importance of health behaviour for the health production is analysed. Therefore, the basic model of Grossman (1970) is presented and enhanced with respect to education, working hours and behavioural aspects. In addition,
we formulate four testable hypotheses about the structure of the health production process. 1 The expenditures of the German sickness funds related to nutrition based illnesses are about 30 % of total treatment expenditures. Additionally, high costs arise due to respiratory illnesses and cardiovascular diseases.
The data set and the multivariate probit estimation method are described in detail in chapter 3 and chapter 4, respectively. The fifth section addresses the estimation results of the three reduced form and two structural equations. Moreover, we explicitly refer to the hypotheses presented in chapter 2. The paper ends with a conclusion and some policy implications.
On the Relationship between Health Related Behaviour and Health
In his pioneering work Grossman (1970) deals with the individuals' ability to affect their own health status. In order to gain healthy time, people use medical care and time as input factors in the health production function. The efficiency of this production is also determined through the individual's education level, because education may help to produce health or to allocate medical services in a more efficient way. A better health increases the individual's utility by reducing illness. Moreover, it is required for gaining labour income, which is itself a requisite for purchasing medical care and other consumer goods. The quintessence of this framework is that besides education, time and income are the main inputs in the production of health capital.
To sum up, the basic equation of Grossman's household production function for investments in health can be written as
Here, an individual's investment behaviour is determined through the demand for medical care M, time inputs TH, and education E.
In the last decades, some of the assumptions underlying Grossman's work were subject to criticism and enhancements of the model (cf. e. g. Muurinen (1982) , Dardanoni and Wagstaff (1990) , Selden (1993) and McGuire et al. (1997) ): First, in the model mentioned above it is assumed that individuals chose the inputs in the health production function under perfect certainty, so that there is no doubt about the quality of medical treatment or the depreciation rate of health capital. Second, time and medical inputs are treated as perfect substitutes insofar that they are related to the same productivity.
Third most of individual behaviours have an impact on the health capital stock in general.
This means that there are several other determinants not related to medical care which are essential for a good health status. For example, the nourishment of a person is a product of the consumed food, which is not a health input in the sense of Grossman. Sanitation is another example. Finally, individuals can either reduce or increase their own depreciation rate by doing some sporting activities or smoking.
These aspects lead to the question which factors mainly determine health relevant behaviour beyond the demand for medical care. Like above, it is expected that education yields to better health knowledge which is important to understand the relationship between one's actions and one's health. Better educated individuals e. g. know more about the long-term health risks of overweight, so they pay more attention on their nutrition to watch their weight. In addition, better educated people know about the hazardous consequences of smoking. Kenkel (1991) for instance shows that education has a significant negative impact on smoking and alcohol drinking, while the impact on doing sports is significant positive.
Another important factor is labour force participation in terms of working hours, which has three different impacts on individual health: First, labour time reduces the time available for leisure. There will be less time for recreation, for doing sport or even for consuming some health services for preventive purposes. Second, the kind of work a person does is decisive for its health depreciation rate (cf. Leigh (1983) and Kemna (1987) ). People who do health demanding jobs may be less willing to do some sport after work. It may also be that individuals who work long hours and whose work is stressful have a higher probability to be smokers or to have excess body weight (cf. Schofield (1996) , Shields (2000) for an overview). Both effects depend on education in the sense that blue collar workers do more strenuous jobs, while especially people with a collage degree have long working hours which may cause stress, resulting in a different depreciation rate. Third, labour time and education both determine earned income, which is fundamental for health related behaviour (cf. Andrén and Palmer (2001) ). Low income individuals tend to consume food with low nutritional value which is often a lot cheaper than wholesome meals. As a consequence, the risk of overweight or even obesity is much higher at low incomes (cf. Bhattacharya et al. (2004) ). In addition to that, most sports require some equipment like functional clothing at a minimum, so that time and money are rather complements than substitutes in this aspect.
Apart from these three direct effects of labour force participation on health relevant behaviour the opportunity costs if illness rise with labour income, which means that illness reduces current and future earnings. Because of this, the benefits of healthful activities are largest for well educated people with high labour income (cf. Gilleskie and Harrison (1998) The findings above lead to a health production function which is different from Grossman's approach in the way that one can distinguish between health behaviour, health outcome and self-assessed health. Health relevant behaviour HB can be described through consumption patterns and sporting activities that influence health directly, like smoking and nutrition.
These indicators depend on the individual's labour force status W, educational variables E, and other personal characteristics V:
Second, health outcome (HO) is an objective measure of the health status, which is itself influenced through the health behaviour described above. In addition, education and again other individual characteristics X are of particular importance: 
Data
The data we use is from the German Socio-Economic Panel (GSOEP), a representative lon- (2003)). Moreover, to account for the effects of overweight, we generate a binary indicator for the age-adjusted body-mass index that indicates overweight with respect to the individual's age (cf. National
Research Council (1989)). As an indicator for the health perception, we take the self-assessed health (SAH) that is a 5 category variable rating from bad to very good. The alternative variable satisfaction with health has 11 categories. Both are subjective judgments about the health status but self-assessed health is more related to actual health status than the satisfaction.
Again, we construct a binary indicator with the value one for a health status at least good.
The independent variables can be divided in three different categories: The first category contains predisposing variables like gender and nationality. Four age categories are included because of the assumption that health deteriorates with age due to comorbidity risks. If one takes a look at the descriptive statistics in Table 2 below, it is obvious that there are differences in the acceptance of health related behaviour. While 67.9 % of the 9282 respondents are non-smokers, nearly half of them follow a balanced diet, and only 27.1 % do regularly exercise. This may be due to time constraints or because doing sport is most unpopular.
8 Those aged 17 to 29 are used as reference group.
These values correspond to the number of overweight individuals, which are about 35.8 % of the sample. 9 Nearly half of the individuals range their health good or very good. proportion only approximates 20 %, so in this study Eastern Germans are overrepresented.
Furthermore, 34.8 % are living in an urban area.
In the fourth category, several health indicators are listed. Nearly one fifth report that they have serious health worries. About 12 % claim having at least one hospital stay in the previous year, and the average number of doctor visits in the last quarter was 2.4. 9.9 % are a fully privately insured which corresponds to the actual level in Germany. 8.9 % of all respondents have a supplemental insurance, i. e. one tenth of the Statutory Health Insurance (SHI) members have coverage beyond the SHI benefits catalogue.
Estimation method
For the estimation of the described problem we use a simultaneous equations model. With respect to the structure of the theoretical model and the dependent variables, a recursive multivariate probit model is applied. This can be seen as a generalization of the bivariate probit model presented in Maddala (1983) ). Generally, the multivariate probit model can be written as: Last, in the self-assessed health equation health behaviour and health outcome are included as regressors. Therefore, we estimate the following system of three reduced-form and two structural equations:
The estimation is carried out using Stata's mvprobit command which applies the method of simulated maximum likelihood (SML) that uses the Geweke-Hajivassiliour-Keane (GHK) smooth recursive conditioning simulator to evaluate the multivariate normal distribution.
12 Cappellari and Jenkins (2003) state that the simulated probabilities are unbiased and bound 11 This design follows Balia and Jones (2005) who estimate the impact of lifestyles on self-assessed health and mortality.
-10 - 12 An example of the SML method for the trivariate probit case is given in Cappellari and Jenkins (2003) . Moreover, the GHK simulator is more efficient in terms of the variance of the estimated probabilities than other simulators. In addition, the SML estimator is consistent as the number of draws and the number of observations tend to infinity. Therefore, simulation bias can be reduced by raising the number of draws with the sample size.
within the (0, 1) interval. The variance-covariance matrix V of the cross-equation error terms has values of 1 on the leading diagonal, and the off-diagonal elements, correlations ρ jk =ρ kj , are to be estimated (cf. Cappellari and Jenkins (2003) ). Here, the parameter ρ jk is the covariance between the error terms of equations j and k. It measures in how far the unobserved factors influence health relevant behaviour, health outcome and self-assessed health. All the equations in (4.2) can be estimated separately as single probit models but the estimated coefficients are inefficient because the correlation between the error terms is neglected. Only in the case of independent error terms ε mi (ρ is not significantly different from zero) it is possible to deal with the above model as independent equations (cf. Maddala (1983) , p. 123).
13
The estimation of a recursive multivariate probit model requires some consideration for the identification of the model parameters. Maddala (cf. 1983, p. 123) shows that given the model in equation (4.2) the number of parameters to be estimated is larger than the number of probabilities, even if constant terms are the only exogenous variables. In this case, the parameters in the structural equation are not identified. Maddala proposes that at least one of the reduced-form exogenous variables is not included in the structural equations as explanatory variables. 14 Wilde (2000) states that Maddala concentrates on the special case of constant only exogenous regressors and that the argumentation is valid only for this case.
Consequently, the parameters of the model are identified if there exists at least one varying exogenous regressor. According to Wilde, there is sufficient variation in the data to identify the parameters even in this simple case. He concludes that for the standard case with varying exogenous regressors the full rank of the matrix is sufficient for identification purposes (cf.
Wilde (2000), p. 311).
Given the estimation at hand, we follow the Maddala approach and impose exclusion restrictions. For the reduced form equations, we use the complete set of predisposing and socioeconomic variables. In addition, we exclude the variables run-down, tiring tasks, distance to doctor and doctor visits from the group of health and insurance variables due to lack of explanatory power and possible endogeneity problems. Furthermore, it is necessary to exclude -11 - 13 Knapp and Seaks (1998) provide a Hausman test for the exogeneity of a dummy variable in a probit model. Using a bivariate probit model, they show that the difference between the joint estimation of both equations and the separate estimation of two individual probit models is controlled by the parameter ρ. 
Estimation results

Health behaviour equations
The first three columns of Table 3 show the partial effects for the reduced form behaviour equations estimated in the full recursive model, using the multivariate probit specification. To begin with the socioeconomic variables, a lot of effects point into the same direction: the income variables all have a highly significant positive sign, so that health related behaviour is heavily dependent on the families' income situation. This goes along with the idea that economic worries promote adverse health activities which is confirmed through the significantly negative coefficient for the economic worries variable. Moreover, this indicator may be a comprehensive proxy for the socioeconomic status of the respondent. Hence, one can argue that a lower social standing leads to worse health relevant behaviour.
Second, the education variables imply that education is a necessity to understand the longterm consequences of unhealthy behaviour like smoking or neglecting any exercise. In detail,
for these two equations a definite positive gradient can be found. This means that a higher grade leads to a higher probability of good health relevant behaviour. Only in the nutrition equation, a university degree has a lower effect than high school graduation. All in all, these findings confirm hypothesis 2.
Moreover, theory suggests that working per se has a positive impact on health behaviour, while very long working hours can be seen as negative. This effect cannot be found for all three equations. Referring to the first column of Table 3 , working hours reduce the probability of being a smoker linearly, while unemployed people are significantly more often addicted to tobacco consumption. This relationship leads to a first conclusion that labour force participation is a main determinant for smoking. In the exercise-equation, however, a concave interrelation is found. The coefficients indicate that those who work 18.75 hours have the highest probability for doing sport, gymnastics or fitness training regularly, whereas unemployment has again a negative effect. Finally, the third lifestyle factor is not determined through labour force participation. Probably there are enough opportunities for a satisfactory lunch intake around workplaces like restaurants and canteens, or people do their own cookings at home during their leisure time. Like before, unemployment has a significantly negative impact.
These results lead to a partial confirmation of hypothesis 3. While unemployed people show adverse health behaviour in all three categories, the effect of working hours is ambiguous.
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It is worth mentioning that Eastern Germans behave significantly different from their western counterparts. The probability for being a non-smoker is higher, whereas exercise is less frequently done. In contrast, living in or near a city rises the probability for smoking but is conducive for sporting activities. Both factors are of no significance for a person's nutrition.
Referring to the predisposing variables, most of the age categories show a significant gradient, meaning that except for the first category addiction to tobacco falls with age, while the necessity of fitness training and healthy food becomes clearer as individuals grow older.
Being a woman raises the probability of non-smoking and a health-conscious diet. The effects of living in a partnership are ambiguous, because partners are probably non-smokers more often, while they have a negative impact on doing sports. This last effect can also be found for children, which may be caused by time restrictions. run-down, tiring tasks, distance to doctor and doctor visits. Among the first four included variables, stress is the only one that is not significant in any of the reduced form estimations.
For the remaining three, the results are different. Starting with the non-smoker equation, handicapped persons tend to smoke less, while physical pain leads to a higher probability for smoking. In the second column, health worries and physical pain both have a significantly negative coefficient. At first, the sign for the health worries variable is not intuitive. One possible explanation is that people deeply worried about their health might be in a worse constitution than their counterparts, i. e. they are not able to perform exercises regularly. In the third equation, health worries have a significantly positive impact, as well as handicap has. This leads to the conclusion that persons worried about their health tend to improve their health status through a health-conscious diet, in order to outweigh the effect of less exercises.
To control for long-term effects of medical treatment on health relevant behaviour, the variables hospital 03 and rehabilitation 03 are included. While the latter always has a positive coefficient and is significant for the first two equations, the effect of a hospital stay in the previous year is directly opposed. To refer to the exercise variable, this effect may be due to physical limitations and a delayed healing process. 17 Last, nearly all of the insurance variables have a significantly positive sign, indicating that those who can obtain supplemental or private health insurance show better health behaviours in contrast to standard SHI members.
Health outcome equation
The fourth column in Table 3 presents the results for the structural health outcome equation.
Starting with the endogenous variables, regular exercise has the expected significant negative effect on overweight, as well as a health-conscious diet has. On the other hand, smoking behaviour does not influence the relation between body weight and body height. This result is not surprising because the used health outcome indicator is not related to the adverse health effects of smoking behaviour. To analyze negative effects of smoking, an indicator like respiratory diseases would be preferable which is not included in the SOEP data set.
Nearly all of the predisposing variables show a significant effect on overweight. In detail, the probability of overweight is lower for women. Except for the age category 60-74, all other age dummies have a highly significant impact. Compared to the reference group, overweight is more likely for people between 30 and 59 years of age, while those older than 74 have a 17 The effect on non-smoking cannot be explained properly. lower probability of being overweight. All in all, although one category is without significance, one can state that the chance of high body weight falls with age. Different living habits may be an explanation for the significant difference between foreigners and Germans. Concerning the family situation, people who live together with their partners tend to be overweight, while children reduce the probability.
In the group of the socioeconomic variables, all labour force status indicators are excluded.
For the remaining variables, only living in Eastern Germany is of importance, insofar that it has a negative coefficient. Household income and economic worries are without any impact.
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In addition, the education dummies remain insignificant. The latter result confirms hypothesis 2, which states that education is a central determinant of health behaviour and not of health outcome. The coefficient of health worries is highly significant positive, which again covers the described effect of the exercise equation that this variable contains information about the physical constitution of the respondent. Last, neither of the other health and insurance variables serve as a possible explanation for a high BMI.
Self-assessed health equation
The second indirect effects on self-assessed health. Therefore, hypothesis 1 is at least partly confirmed.
Furthermore, it can be shown that exercise and nutrition are of importance for the health outcome indicator while smoking behaviour together with overweight help to explain self-assessed health. This leads to the conclusion that the effects of exercise and nutrition on health assessment are indirect ones through overweight, while smoking behaviour has a direct impact.
In the group of predisposing variables, partnership and children are excluded due to identification reasons. Regarding the remaining variables, all age dummies show a significant effect.
The probability of a bad health status increases with age due to higher multimorbidity risks.
Interestingly, females rate their health status significantly worse than males do although they have a lower probability of being overweight and show a better health relevant behaviour.
This result shows that the variable female contains some information which is not covered through the endogenous variables. In contrast to most of the other equations, being a foreigner does not make any difference for the health perception.
Besides labour force status and distance to city, education is excluded from the socioeconomic variables. Of the remaining three only health worries are of significance. Together with the result of the health outcome equation, this leads to the conclusion that income is only an explanatory factor for the health behaviour (hypothesis 4), which is probably because of the broad coverage of the SHI system which is independent of the insured's income.
All of the health and insurance variables are elements of the SAH-equation. Except of the physical pain variable, all health indicators have a significantly negative coefficient, as expected. The same is true for the medical treatment variables, with the exception of the distance to doctor, which shows no effect. Again, like in the health outcome equation, health insurance coverage does not have an impact on the self-assessed health.
The five estimated equations involve ten correlation coefficients ρ jk which measure the pairwise correlation between the three health relevant behaviour indicators, the health outcome variable and the self-assessed health. Only one of these coefficients, namely the one between SAH and nutrition (ρ 53 ), remains insignificant. The null hypothesis of no joint significance of these parameters is rejected using a likelihood ratio test. This result implies that the equations are not stochastically independent and that single probit estimates would have led to inefficient standard errors.
The goodness-of-fit for the results can be proved by the use of several criteria: First, the Akaike information criterion (AIC) and second, the Bayesian information criterion (BIC) are used (cf. Long (1997) ). The Akaike information criterion is based on the log-likelihood of the estimated model. It represents the trade-off between the goodness of the estimation, by means of the log-likelihood and the parsimony of the specification, which is given through the number of estimated parameters. The BIC has the weight on more parsimonious models than the AIC. 19 These information criteria are often used to compare different model specifications.
That model which possesses the lowest value of the AIC or BIC is chosen as the best (cf.
Verbeek (2000), p. 54 and 254). Here, the AIC takes the value 5.726, and the BIC is 54164.93.
Conclusion and policy implications
In the previous analysis, health production is viewed as a multi-level process in order to distinguish between health behavioural aspects, outcome and the assessment of health. From a theoretical point of view, the importance of the individual's health behaviour for the health production process is beyond controversy. To test for the determinants of health behaviour, health outcome and self-assessed health, we apply a multivariate probit approach consisting of three reduced form and two structural equations. By using this procedure, it is possible to account for the endogeneity of non-smoking, exercise, a health-conscious diet and overweight for health perception. Moreover, especially the relevance of the level of education, the individual's income situation and labour force participation is of main interest.
The theoretical and the empirical results support the idea that education is one of the driving factors for good health behaviour. This result holds for all reduced form equations. Therefore, especially less educated individuals have to be informed about long-term consequences of smoking, lack of exercise, and bad nutrition behaviour. From our point of view, education seems to be the key for strengthening the personal responsibility with respect to health. Additionally, income is essential for good behaviour in the way that it enables individuals to buy consumer goods like health-conscious foods as well as medical services which are not fully covered by the insurance system. The estimation results support our hypothesis that income only indirectly affects health outcome and self-assessed health via the different forms of health behaviour. In contrast to this, economic worries have an impact on SAH. This leads to the interpretation of economic worries as a comprehensive proxy for the socioeconomic status. Hence, one can argue that a lower social standing induces worse health relevant behaviour and to lower perception of health status.
Last, we assumed that people in the labour force show better health behaviours, while those who are involuntarily unemployed exhibit adverse health activities. In fact, the negative impact of unemployment is evident in the data whereas the effects of working hours on health 19 The Akaike Information Criterion is defined as AIC= )/N and the Bayesian Information Criterion as , where K is the number of parameters in the Model and N the number of observations. behaviour are ambiguous, however. This leads to the conclusion that generally, labour force participation has an influence but the actual effects depend on job characteristics that are not included in our data.
To sum up our findings, socioeconomic variables like education, income and labour force status are central elements for health relevant behaviour and indirectly for the health production process. As a result, health policy should go beyond the scope of demand for medical care. In the last years, health policy has attempted to encourage personal responsibility through financial incentives but these suffer from neglecting the link between individual characteristics and health relevant behaviour. In this context, it is important to note once more that education and income are main determinants of health related behaviour, among others.
To decrease health expenditures related to adverse health behaviour, it is necessary to encourage investments in education that correspond to investments in health. Moreover, to get people into the labour force may be an instrument to reduce income risks and economic worries. 
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